ABSTRACT
INTRODUCTION
Buffer Allocation Problem deals with allocation of optimal buffer slots among intermediate buffer locations of a manufacturing system to achieve a specific objective. The primary reason for having storage buffers is to reduce the idle time because of starving and blocking. Less idle time increases throughput rate of manufacturing system. Buffer needs additional capital investment and floor space. Work-In-Process increases because of buffering in the space available. So total buffer space should be as minimum or with available buffer space total throughput rate should be as maximum as possible. Throughput rate of manufacturing system is a function of service rates of machines and buffer sizes at various machines.
Manufacturing system is combination of machines and queues. Manufacturing system can be shown as network of queues and it can be named as queuing network. A queuing network with constant work-in-process is known as closed queuing network.
BUFFER ALLOCATION PROBLEM
BAP is an NP-hard combinatorial optimization problem in design of manufacturing system. In general three types of buffer allocation problem models can be found in the literature.
Model 1: To find optimum buffer allocation in order to maximize throughput rate for a given fixed amount of buffers.
Objective function: Maximize (Throughput rate) Subject to, Sum of buffers = Total space available.
Model 2: To find optimum buffer allocation in order to minimize total buffer size with desired throughput rate.
Objective function: Minimize (Total buffer size) Subject to, Throughput rate ≥ required (desired) throughput rate.
Model 3: To find optimum buffer allocation in order to minimize Work-in-process inventory with desired throughput rate and total space available.
Objective function: Minimize (Work-in-process inventory) Subject to, Throughput rate ≥ Desired throughput rate Sum of buffers ≤ Total buffer space available.
General procedure to solve BAP
Generative and evaluative methods can be used in cyclic manner to solve BAP as shown in Figure 1 . Evaluative methods are used to obtain the value of objective function. Generative methods are used to search for optimal solution. Evaluative methods can be classified into analytical methods and simulation methods. Further analytical methods can be classified into exact methods and approximate methods. Exact methods are suitable only for small size buffers. Simulation methods are time consuming methods. Generative methods are used to search optimum buffer sizes to optimize system performance. These methods can be classified into traditional and heuristic search algorithms. Sometimes traditional search algorithms cannot jump over local optimum solution in order to find global optimum solution. Meta heuristic methods are strategies to explore search space in order to find optimal or near optimal solutions.
LITERATURE REVIEW
Daskalaki and Smith [1] attempted BAP, combined with routing in serial parallel queuing networks. An iterative 2-step method was used to solve BAP and routing problem. Expansion method was used as evaluative method and Powell's algorithm was used as generative method.
Generative Method Evaluative Method
Maximization of throughput and minimization of buffer size are the objective functions of this problem.
Smith and Cruz [2] solved BAP for general queuing networks. Minimization of total buffer size is objective function of this problem. The Generalized Expansion Method was used as evaluative method and Powell's algorithm was used as generative technique. Similar work was done by Smith et al. [3] for multi-server queuing networks.
Cruz et al. [4] solved the BAP in an arbitrary queuing networks. Aim was to find minimum buffer size in order to achieve desired throughput. Generalized Expansion Method was used as evaluative method and Lagrangian relaxation method was used as generative method.
Yuzukirmizi et al. [5] considered optimum buffer allocation for closed queuing networks. This is the first procedure to find optimum buffer allocation in closed queuing networks with general topologies and multiple servers. Expanded Mean Value Analysis was used to evaluate throughput of closed queuing network and Powell's algorithm was used to find optimum buffer allocation.
Cruz et al. [6] applied generalized expansion method and multi objective genetic algorithm to optimize throughput and buffer sizes for single server queuing network. Similar work was extended to optimize buffer size, throughput and server rate by Cruz et al. [7] .
Soe and Lee [8] presented solutions for tandem queuing networks. Explicit expression was developed as an evaluative method to BAP.
MODEL DESCRIPTION
In the present work manufacturing system is considered as a closed queuing network with single server (machine) at each node. Buffer size includes the part being operated on machine. All servers are reliable. Maximization of throughput is objective function subjected to sum of buffers is constant. Two node closed queuing network is shown in Figure 2 . Number of components in closed queuing network is constant. Therefore sum of buffers in manufacturing system i.e. work in process of system is constant. Expanded Mean Value Analysis proposed by Yuzukirmizi et al. [5] is used as evaluative method to calculate throughput of manufacturing system which is designed as closed queuing network. Particle Swarm Optimization is used as search method to optimize buffer sizes.
Particle Swarm Optimization
Particle Swarm Optimization (PSO) is one of the metaheuristic search technique to find optimum solution. It is a nature inspired technique. Social sharing of information is main idea behind the implementation of PSO. Less complexity and economic computational cost are the main advantages of PSO algorithm. Step 1. Generate initial population with n number of particles. Each particle with M number of dimensions.
Proposed Algorithm
Step 2. Generate initial velocity matrix (n X M) randomly.
Step 3. Calculate throughput rate for each particle using EMVA algorithm as follows.
Step 3.1. for P=1 to B Compute throughput rate using Mu,S Step 3.2. Find maximum throughput and corresponding number of pallets Step 4. Find particle best and global best.
Step 5. Calculate change in velocity.
Change in velocity = Cp * rand ( )*(Pbest -X) + Cg * rand ( ) *(Gbest -X).
Step 6. New velocity = old velocity + change in velocity.
Step 7.Prepare new population as follows.
If new velocity is positive then increase buffer size by one. If new velocity is negative then decrease buffer size by one. Make adjustments to satisfy total buffer size.
Step 8. Assign new velocity to old velocity.
Step 9. If termination condition is satisfied go to step 10. Otherwise go to step3.
Step 10. Finalize the best buffer allocation and total number of pallets.
NUMERICAL EXPERIMENTS AND RESULTS
MATLAB code is written to find maximum throughput, optimum buffer allocation and optimum number of pallets in the queuing network. Total buffer size, number of machines, service rates of machines, Number of servers at each node and number of particles are inputs to the program. By executing this program optimum buffer sizes can be obtained. PSO parameters are considered as follows. (1,15) (2,14) (3,13) (4,12) (5,11) (6,10) (7,9) (8 Present work is focused on multi server reliable machines. Work can be extended to solve merge, split, unreliable systems. Extension of this work is under progress by the authors.
